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CONTRACTUAL ORIGIN OF THE INVENTION 
The United States Government has rights in this invention pursuant to Contract 
No. DE-AC02-76CH03073 between the U.S. Department of Energy and Princeton 
University. 

FIELD OF THE INVENTION 



This invention is an apparatus detecting the presence of dust in remote and 
potentially hazardous environments. The dust may be radioactive due to the presence 
of such elements such as tritium or other materials, it may have hazardous heavy 
metals and be toxic with the potential to be chemically reactive with steam or air. 



BACKGROUND OF THE INVENTION 



There is a developing need to be able to determine the presence of potentially 
hazardous dust on isolated surfaces. As noted above, this dust may be radioactive, 
chemically active under certain ambient conditions or toxic. One use for such a device 
would be in conjunction with the next generation fusion reactor which could produce 
a large amount of dust and possible ensuing safety hazards. For example, if beryllium 
dust is not constrained within set limits, explosions could occur in the presence of 
steam under certain conditions. Thus, a device is needed to detect dust on remote 
surfaces for future fusion reactors; however, such devices do not exist for hostile 
environments. The subject apparatus is an electrostatic device which provides a 
correlation between recorded counts and particle concentration. This leads to the 
object of this apparatus which is to measure the particle inventory in a wide range of 
environments including those where radioactive particles are present. 

Summary of the Invention 

The subject apparatus provides a means of detecting dust and to a lesser 
degree to determine the particle concentration of the dust. The subject invention 
applies electrostatic principles to electrically conductive dust to determine the 
presence of dust. To arrive at this capability, a grid of electrically conducting traces 
was applied to a circuit board which was then energized. As the dust lands on the 
energized grid a short circuit is created as the conductive dust bridges the gap 
between adjacent traces which causes a change in the measured voltage. The 
results of the electrostatic measurements were used to determine a proximate 
correlation between the readings and the dust particle concentration. Typically, the 
dust particles vaporize in a few seconds restoring the initial voltage; however, in the 



case where a large quantity of particles created a continuous short, an external 
electrical circuit provides a signal indicating such an event is occurring. The 
apparatus can be operated over a given period of time to determine time related 
scenarios that lead to the generation of dust, 
s These and other objects of the present invention consist of certain novel 

features and a combination of parts hereinafter fully described, illustrated in the 
accompanying drawings, and particularly pointed out in the appended claims, it 
being understood that various changes in the details may be made without 
departing from the spirit, or sacrificing any of the advantages of the present 
10 invention. 

Brief Description of the Drawings 

FIG. 1 is a schematic diagram of the circuit board with the applied traces. 

FIG. 2 is a diagram of the breakdown voltage of the traced circuit board 
without dust particles and as a function of the trace spacing. 
15 FIG. 3 is a circuit diagram including the power supply, the high and low pass 

filters, the oscilloscope, a single channel analyzer, voltmeter and a counter. 

FIG. 4 represents the particle delivery system for experiments in air. The 
dimensions are in cm. 

FIG. 5 represents the particle delivery system for experiments in a vacuum. 
20 FIG. 6 is a typical waveform of the signal created by approximately 0.3 mg 

of impinging particles on a grid with a bias voltage of 50 V in air. 
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DESCRIPTION OF PREFERRED EMBODIMENT 



This invention capitalizes on the ability to employ a circuit board having a 
fixed, narrowly spaced charged grid to detect the presence of electrically conducting 
dust particles. This device is capable of operating in a hostile environment where 
other devices would prove to be ineffective or impractical. 

The dust detection device employs a circuit board mounted grid to which a 
voltage potential has been applied for the detection of electrically conducting dust 
particles. A schematic of the grid is depicted in FIG. 1. The apparatus is triggered 
as the dust particles impact the grid and cause a transient short circuit to develop 
across certain elements of the grid. This creates a change in circuit conditions 
causing a current pulse which can be picked-up on circuit analyzing devices such 
as an oscilloscope or a counter coupled to an analyzer. Generally, the dust which 
causes the short circuit vaporizes within a few seconds. 

Standard circuit board technology was used to deposit a grid, FIG. 1 , of 
interiocking traces on the circuit board; however in a fusion reactor environment 
more rugged materials such as a ceramic substrate might be preferable. The 
boards were made of 0.56 mm thick Teflon® substrate with rolled 1 -ounce copper. 
After etching the traces of the grid, tin plating 4-6 microns thick was applied over 
the copper by the immersion process. A variety of trace widths and trace spacings 
were used. The traces were 127 or 254 pm wide, separated by distances of 127 
pm to 762 Mm and covering an area of 1 .2 x 1 .2 cm. 

To test the system typically cylindrical particles measuring between 10 to 
500 pm in length and 1 to 20 pm in diameter were used to simulate the effect of 
dust on the grid. Some of the particles were large enough to bridge the gap 



between the traces as individual particles; however, often two or more adjoining 
particles were needed to create the short circuit. As noted earlier, the particles 
typically vaporized after a few seconds restoring the electrical circuit to its original 
configuration and restoring the original standoff voltage. 
5 In order to detect the events initiated by the presence of the conductive dust 

particles, the electrical apparatus as shown in FIG. 3 was employed. A variable 
power supply, 12, supplied the bias voltage while a voltage divider, 14, across the 
output was used to monitor the output voltage. When a circuit is created by the 
impingement of dust on the grid, a current flow through the 51 ohm resistor, 16. 

10 This creates a signal which exhibits low and high frequency fluctuations and in 

some cases a continuing DC voltage. To produce a waveform suitable for counting, 
the signal was passed through a band-pass filter, 18, having a pass band of from 
1 .6 Hz to 25 kHz. This produced a waveform which was suitable for a single 
channel analyzer, 20, which was electrically coupled to a counter, 22. The single 

15 channel analyzer, 20, produced an output pulse every time the input signal 

decreased past a level of 400 mV which allowed the pulses to be counted by the 
counter, 22. The waveforms of the signal created by the impinging dust were also 
recorded on an oscilloscope, 24. FIG. 6 illustrates the wave form and the output 
pulses from the single channel analyzer. 

20 To test the dust detection apparatus an experimental testing system was 

developed. The circuit board containing the grid was mounted 2 cm high on a 35 
cm by 25 cm by 7.5 cm deep aluminum box. A 2.5 cm diameter pipe, FIG. 4, was 
used to deliver a controlled amount of particulate to the area of the grid. Care was 
taken to make the distribution of the particle as uniform as possible. A 7 mm hole, 

25 32, was constructed in the top surface of the horizontal pipe, 34, to allow for the 



injection of a predetermined amount of particulate matter. The dust exit port, 36, 
was positioned 6 cm over the grid. A 10 scc/min stream of nitrogen gas was 
introduced through tube, 38, which had its exit port 3 cm upstream from the dust 
injection port. 32, This arrangement deposited particles in a circular area having a 
diameter of 10 cm and centered on the center of the grid. 

In order to estimate the amount of dust incident on the grid, a collection bin 
having the same area as the grid was placed on the grid and the amount of dust 
reaching the grid was measured and compared to the amount of dust inputted 
through the injection hole, 32. The total mass of input particles ranged from 20 
mg to 80 mg. The fraction of particles deposited in the bin ranged from 2 - 4% with 
a mean of 2.9% and a standard of deviation of 0.8%. In air, an operating voltage of 
30 V was chosen since below this level the response became more variable due to 
the occurrence of more frequent continuous short circuits; in addition, the current 
was limited to below 200 mA to avoid damage to the traces. While in a vacuum, the 
voltage was in the range of from 30 v to 50 v and again the current was limited to 
below 200 mA. Employing these conditions, in air the short circuit created by the 
particle or particles was usually transient in nature resulting in the oxidation of the 
particles while under a vacuum, the particles were subject to sublimation so the 
detector was able to reset and detect particles continuously. The detection 
threshold for air was below 50 pg/cm^ for a 127 |jm grid spacing where 34|jg/cm2 
gave 25 counts for a single unit of blown dust. In a vacuum, the detection limit was 
somewhat higher. The upper detection limit for each grid was determined by a 
large quantity of particles creating a continuous short circuit. For the coarsest grid, 
762 pm, this limit was abovel .6 mg/cm' For the fine grid spacing, a correlation was 
detected between the particle concentration and the recorded counts. Thus, grids 



of different spacing can be combined to extend the dynamic range of the device. 

The foregoing description of a preferred embodiment of the invention has 
been presented for purposes of illustration and description. It is not intended to be 
exhaustive or to limit the invention to the precise form disclosed, and obviously 

3 many modifications and variations are possible in light of the above teaching. The 
embodiments described explain the principles of the invention and practical 
applications and should enable others skilled in the art to utilize the invention in 
various embodiments and with various modifications as are suited to the particular 
use contemplated. It is intended that the scope of the invention be defined by the 

10 claims appended hereto. 
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